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Approach
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Abstract

In this work, a novel Material-by-Design (MbD) synthesis approach is proposed to
address the conformal miniaturization of linear antenna arrays. The developed
methodology exploits as a first step a quasi-conformal transformation optics
(QCTO) algorithm to design a meta-material radome able to restore the desired
radiation features of the radiating system once it has been made conformal to an
arbitrary surface. Moreover, a second step based on a source inversion (S/)
strategy is exploited in order to miniaturize the conformal architecture, by
reducing the number of required radiators in the final conformal arrangement.
Some numerical results are shown based on full-wave analyses in order to
validate the effectiveness, as well as the current limitations, of the proposed
design technique.



1 Spline Profile #2 - N' =20

1.1 Validation vs. Lens Thickness (s)

e Virtual & Physical Geometries
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Figure 1: Transformation regions and geometric parameters of interest.

Width: w =w" =16.0 [)\];

Lens thickness: s = s’ = {4.0; 2.0} [)];

Number of spline control points: ) = 5;
— Control points in physical geometry:
* Tiow,q € [—w/2,w/2], ¢ =1, ...,Q (equally-distributed);

* Thigh,q = Llow,q) 4 = 13 7Qa

Ylow,1 [)\] Ylow,2 [)\] Ylow,3 [)\] Ylow,4 [)\] Ylow,5 [)\]
0.0 0.7 0.1 0.5 0.0

Table I: y-coordinate of the control points for the lower spline in physical space.

* Yhigh,qg = (Yiow,q +8), ¢ =1,...,Q;

— Control points in virtual geometry:

/! — — eyl — — .
* xlow,q = Llow,qy 4 = 17 "'7@) ylow,q - 007 q= 17 "'7@)

/ . ! _ — .
* ‘Thigh,q = Thigh,q> 4 = 13 23} Qa yhig}%q = Yhigh,q> 4 = 13 23} Qa
e Virtual Array

— Number of elements, spacing, aperture: N’ = 20, d’ = %, L' =9.5 [\];

— Distance from PEC ground plane (placed at ¢y’ = 0.0): ¢’ = %'

)

— Excitations: I, = 1.0, ¢, = ==z, sin (¢s +90); n =1,...,N';
e QCTO

— Discretization cell dimension: 0.15 [A] (0.01 [A] for source mapping);



1.1.1 Results of the Transformation
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Figure 2: Transformation grids for virtual and physical geometries.



Lens Permittivity - s = 4.0 [\]
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Figure 3: Components of the relative permittivity tensor of the lens.
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Figure 4: Isotropic approximate permittivity distribution of the lens.
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Lens Permittivity - s = 2.0 [\]
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Figure 5: Components of the relative permittivity tensor of the lens.
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Figure 6: Isotropic approximate permittivity distribution of the lens.
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Physical Lens Parameters

Lens Thickness s = 4.0 [}]

Anisotropic Permittivity Range

[<0.11,1.40]

Isotropic Permittivity Range

[0.00, 1.33]

Lens Thickness s = 2.0 [}]

Anisotropic Permittivity Range

[~0.11,1.46]

Isotropic Permittivity Range

[0.00, 1.35]

Table II: Permittivity ranges for the physical lens.

1.1.2 Far-Field Patterns (Aniso-Lens)
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Figure 7: Comparison between the far field patterns.
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1.2 Reduction of the Control Points through SI (N' — N < N’)

Parameters

Number of array elements before SI: N’ = 20;

Number of array elements after SI (N): check table below;

Spacing after SI: d = A\/2;

Radius of the observation domain: rg; = 50.0 [A];

Number of field sampling points: ng; = 1000.

| || Before SI | After SI |
| s [\ (Lens Thickness) | N' [ L[N | N | L[\ ]
4.0 20 1 9.325 | 19| 9.0
2.0 20 | 9.255 | 19 | 9.0

Table III: Parameters considered for SI.
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Figure 9: Geometry of the physical array before (N') and after SI (N < N').

Observations

e SI is not really necessary, since there is not a significant compression of the array.



1.2.1
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Figure 10: Magnitude and phase of the excitations of the physical array before (N') and after SI (N < N').




1.2.2 Free-Space Far-Field Patterns (check SI)

Lens Thickness s = 4.0 [A] Lens Thickness s = 2.0 [\]
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Figure 12: Comparison between the far field patterns.
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1.2.3 Near-Field Distributions (Aniso-Lens, ¢, = 90 [deg])

Lens Thickness s = 4.0 [A]
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Figure 13: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Lens Thickness s = 2.0 [A]
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75 [deg])

1.2.4 Near-Field Distributions (Aniso-Lens, ¢,

Lens Thickness s = 4.0 [A]
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Lens Thickness s = 2.0 [A]
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1.2.5 Near-Field Distributions (Aniso-Lens, ¢, = 105 [deg])

Lens Thickness s = 4.0 [A]
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Figure 17: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 18: Lens Thickness s
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1.2.6 Near-Field Distributions (Aniso-Lens, ¢, = 60 [deg])

Lens Thickness s = 4.0 [A]
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Figure 19: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 20: Lens Thickness s
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1.2.7 Near-Field Distributions (Aniso-Lens, ¢, = 120 [deg])

Lens Thickness s = 4.0 [A]

—
O
5]
<
o
R
[
&
=
8" 2
I o,
~ S
Z 12 E
= s
R=) CERS
- o
0.4
0
Distribution Difference w.r.t. Virtual (Free-Space)
)
5]
<
o
R
[
o)
LT:' 2 30
o 16, 2
o 3 20
Il 12 %
~ < S s 15
Z 08 X
~ \)'(,(4 10
E 04 o
0 0 e
-30 -20 -10 ) 10 20 30
X\
(c)
o
g
5
—
1) 2
Z
= 16
< A
S 12 %
a5 5 s
| 0.8 §
X o
Z 04
=
>
= 0
[a W)
—~~
2]
j=}
)
=
=]
2 2
a
<
N 16
o 5
— =
12 T
I s Y
z 08 =
Z
= =
— 04
@z
>
,Q 0
a W)

Figure 21: Lens Thickness s = 4.0 [A] - Electric field distributions.
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Figure 22: Lens Thickness s
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1.2.8 Far-Field Patterns (Aniso-Lens)
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Figure 23: Comparison between the far field patterns.
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